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ABSTRACT

In order to evalualc the deposit forming-tendency of polar compounds in gasoline, onc FCC component from a
Venezuelan refincry was swdicd. The polar compounds were scparated by column chromatography on alumina, using
hexane, benzene, ethyl acctaic and methanol as cluents, and their deposit forming-tendencics werc determined by ISD
apparatus. The ethyl acclate and methanol fractions showed high tendencics 1o form deposits. Identification of the
different components of these fractions was intended by speciroscopic methods (IR, TH and 13C-NMR and GC-MS)
in sublractions obtaincd by further column and thin layer chromatographics. The main components were identified as
mono- and dimethyl 2,3-dibydrobenzothiophenc-S,S-dioxides in the cthyl acetate fraction, and mono- and dimethyl
benzothiophenc-S-oxides in the methanol fraction. This is the first report on the presence of this type of compound in
gasoline components, and on their rolc as deposit-forming promoter.

INTRODUCTION

The role of oxidized compounds in deposit formation in the induction sysiem of gasoline cngines has becn reported.
This type of comnpounds have a natural affinity for metal surfaces and may react vigorously on the surface forming
high deposit lcvels. Tanigucbi (1) found that polar matcrials arc implicatcd in Port Fuel Injecior (PFI) deposit
formation. Laboratory test showed that deposit formation was reduced when polar compounds were removed [rom
unstable gasolincs (2). Alcohol and catalytic cracked components in the fucl have been found to increase infel valve
deposits (3). The thermal descomposition of oxidized polar compounds, such as kclones, alcohols, carboxylic acids
and others, contained in the fuel or formed by oxidation of fucl olelins increascd of the 1SD deposit formation (4).

This study rcports the caracicrization of two sulfur-rich and high polar fractions obtaincd by adsorption
chromatography a cracked gasolinc componcent and their contributions 1o deposit formation.

EXPERIMENTAL
Separation

The cracked gasoline component FCC-1 was subjecied 1o acid-base cxtraction and adsorption chromatogeaphy on a
column packed with neutral aluminum oxide, according 10 a previously described procedure (5). The material retained
on the column was cluicd with onc gallon cuch of the following solvents: hexanc, benzene, ethyl acetate and
methanol. These fractions werc evaporated under reduced pressure (T<S0PC) under an incrt atmosphere.
Instrumentation

The carbon-13 and hydrogen-1 NMR specura were recorded with a Brucker MSL-300 or an ACP-400 specirometer
at room temperature, using CDCl1 as solvent and TMS as internal standard. Samples were conwined in S mm i.d. nmr
cells.

The mass spectra of the ethyl acclaic fraction was obtained with a Hewleu Packard 5995A GC/MS apparatus,
equipped with a 60 m x 0.32 mm id. (0.25 pm film) DB-1 Mcgabore column, programmed from 50-200°C at
SOC/min, using helium as carricr gas. The GC/MS of the methanol fraction was obtaincd with a Ruska Laboratories
apparatus, equipped with a 30 m x 0.32 mm i.d (0.25 um film) DB-5 column with the samc temperature program.

Infrared spectra were recorded with a Perkin-Elmer model 1310, The samples were preparcd as thin films on NaCl

plates.
Total nitrogen and sulfur contents were deternined by chemilumunescence and x-ray (ASTM D-2622) methods.
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The subfraction R-1-D was analyzed by GC using a Hewlelt Packard 5890A apparaus equiped with a sulfur-
selective chemiluminescence detector (Sievers 350B) , under similar chromatographic conditions as those used for the
GC/MS analyses.

In order to evaluate the deposit-forming lendency of the isolated fractions, 1000 ppm solutions of each frpcuion in
the original FCC-1 sample were tested in an Induction System Deposit (ISD) apparatus (6). This apparatus simulates
intake valve deposit formation, Fuels with a high deposit-forming tendency produce > 2 mg/100m/ fuel.

RESULTS AND DISCUSSION
Ethy! acelate fraclion.

The elemental anaiyses of the ethyl acetate fraction showcd a high Jcvel of sulfur (2,9%) and a low level of nitrogen
(0,2%). The ISD evaluation showed a high deposit-forming tendency (2,8 mg/100ml).

The IR spectrum of this fraction showed bands at 3600-3400, 2900-2800, 1750-1650 y 1150-1050 cml assignable
0 O-Hst, C-Hst (alifalic), C=0s1y C-Osl, respectively.

The YH-NMR spectrum showed strong signals at 8-7 ppm (ArC-H), 2-2,6 ppm (Ar-CH+ and/or H of satrate cycles)
and 1,5-0,8 ppm -(CH3)- and lower intensity signals at 5-6 ppm =C-H, 3-3,5 ppm -CH-X (X=0 or N or $=0) and/or
-CH,-C=0.

'11\%13C-NMR showed very different kind of signals. The more important were focated at 120-142 ppm (ArC and/or
=C-H), 200-210 ppm (R-C=0 , R-O-C=0 and/or H-C=0), 172-170 ppm (HO-C=0), 62-64 ppm (HO-CHy- and/or R-
0-CHy-), 50-55 ppm (-CH,-C=0 in satwraied cyclcs, -O-CHjy or -CH2-8=0y ), 40-48ppm (-CHy- y -CH saturates
cycles) and 10-30ppm (-(CHp),- and/or Ar-CH3).

This fraction was subjecied 10 adsorion chromatographic on a column packed with silica gel. The material retained
on the column was cluied with mixwres of benzene, benzene-chloroform and cloroform-methanol, obtaining three
fractions: R-1-A (7.7%), R-1-B (17.8%) and R-1-D (74.5%).

The subfractions R-1-A and R-1-B were identified as mixture of dimethylnaphtalenes and phialic acid derivatives,
respectively.

The carbon-13 NMR spectrum (Fig.1) of the major (raciion R-1-D showed strong signals in the 50-53 ppm zone,
assignable to -CHo-C=0 of sawrated cycles, -O-CHq or -CHy-$=0, (n=1,2 and x=1,2). A DEPT experiment showed

. that these signals corresponded to ~CH9- groups. The GC analysis of this subfraction with a sulfur-selective detector
showed the presence of sulfur compounds.

A deniled swudy of the carbon-13 NMR chemical shilt dawa ol this subfraction indicated the presence of 2,3-
dihidrobenzothiophenc, §,S-dioxide (7):

r CARBON Nt OBSERVED REPORTED

4 3 (ppm) 8 (ppm)

N 2 506 506

5 3 3 254 53
4 1287 1288

6 2 5 1334 1334
4 7 57 6 1273 1272

e 7 1213 1215

3a 1372 1372

7 1389 1389

The GCMS chromatogram (Fig.2) showed ten strong signals. Only one of these peaks was ideniified as 2,3-
dihidrobenzothiophcne, S.S-dioxide (m/c 168) according to the NIST Library mass spectral daia ( N© 12353) and in
agreement with our 13C.NMR results. The M* of the other signals: 182 (168+14) and 196 (168+14+14) suggesied the
presence of methyl- and dimethyl- 2,3-dihidrobenzothiophene, S,S-dioxide. Figures 3 and 4 show probable
fragmentation ways of these compounds. Other compounds werce identificd as methyl and dimethyl indanones, present
in minor concentrations.

Methano fractiop.
The elemental analyscs of the mcthanol fraction showed the highest tevel of sulfur (3.5%) of all the obtained
fractions and a low level of niwogen (0,2%). The ISD cvatuation showed also the highest deposit-forming tendency

(6.1 mg/100mi).
The IR spectrum of methanol fraction showed bands at 3600-3400, 2980-2880, 1750-1650 and 1150-1050 cm1
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assignable to O-Hsi, C-Hst (alilatic), C=0st and C-Ost or S=Ost, respectively.

The hydrogen-1 NMR spectrum showed strong signals ai 8-7 ppm (ArC-H), 2-2,6 ppm (Ar-CH3 and/or H of
saturated cycles) and 1.8-1,0 ppm (-(CHq),-)-, and lower intensity signals a1 5-6 ppm (=C-H) and 3-4 ppm (-CH-X
X=0 or N or $=0 and/or -CH,-C=0).

The carbon-13 NMR spectrum showed many different types of signals. The morc important werc located at 115-158
ppm (ArC and/or -C=C-H), 200-210 ppm (R-C=0), 173,6 ppm (HO-C=0 or RO-C=0), 76-64 ppm (-CH-OH), 50-53
ppm (-CH)-C=0 in sawrated cycles and/or O-CHg ), and 12,7-20,9 ppm (-CHo- and/or Ar-CH3).

This fraction was subjected to adsorption chromatography on a column packed with siliga gel. The material relained
on the column was eluted with mixtures of clorophorm-methanol, oblined one major fraction R-2-B (73.3%).

The IR spectrum of this [raction showed a strong band located at 1060-1020 cm*! auribute to S=Ost in sulfoncs. A
detailed study of the carbon-13 NMR chemical shift data of this subfraction indicated the presence of t- and 2-methyl
benzothiophene, S-oxide and 1,2-dimethy] benzothiophene, S-oxide (Table 1).

The GC/MS analysis indicated 1- and 2-mcthyl benzothiophene, S-oxide (/¢ 164) , conflirming the previous carbon-
13 NMR assignmenis (8). The MY of thc others signals: 178 (164+14) suggesicd the presence of dimethyl
benzothiophene, S-oxide. Fig. 5 show probable lragmentation ways lor these compounds. Other compounds, present
in minor concentralions, were identified as benzothiophenc, methyl- and dimethyl-benzothiophencs.

To our knowledgce, this is the first report demonstirating the presence of this type of compounds in gasoline
fractions, and revealing the importance as promoter in the formation of deposit..
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Table 1. Carbon-13 NMR chemical shifts of subfractionsR-2-B fraction (Observed vs. choned(7) values).

Carbon _Reported Observed |
2 1506 98 .

s 3 1287 1287
. 4 1226 1215,
s 1320 1319

6 1237 1237

L9 1261 1260

3 1382 1380

7 1448 1452

2:Me 128 12.8

2 1324 1320

s 3 1452 1452
4 1287 1289

] F 1318 1316
6 1225 1226

1 1258 1258

3 1385 1383

Ta 1459 1455

3-Mc 14.1 140

2 1437 1439

3 1365 1367

s 4 1276 1225
. s 1319 1319
6 1216 1216
7 1257 1255

3a 1399 1398

Ta 1429 1430
L 2Me 106 104

i
|
1k
— J W
- T T p—} T :'u""‘“:‘ﬁ‘ W 7] T = g

Fig.1 Carbon-13 NMR spectrum of fraction R-1-D.
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Fig.2 GC/MS chromatogram of fraction R-1-D.
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Fig.3 Probable mass fragmentation of methyl-2,3-dihidrobenzothiophene, S,S-dioxide.
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Fig.4 Probable mass fragmentation of dimethyl-2,3-dihidrobenzothiophene, S.S-dioxide.
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Fig.5 Probable mass fragmentation of methyl benzothiophene, $-oxide. '
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